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Triclinic, PI 
a = 8.9676 (8) A 
b = 10.5073 (9) A 
c = 19.1085 (17) A 
a = 81.281 (2)° 
/3 = 88.678 (2)° 
y = 82.175 (2)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r mi „ = 0.877, r m „ = 0.910 

Refinement 

R[F 2 > 2a(F 2 )] = 0.032 

wR(F 2 ) = 0.083 

S = 1.02 

7478 reflections 



V = 1763.1 (3) A 
Z = 2 

Mo Ka radiation 
fi = 0.96 mm -1 
T = 296 K 

0.14 x 0.11 x 0.10 mm 



11411 measured reflections 
7478 independent reflections 
6083 reflections with / > 2o(I) 
R iM = 0.022 



319 parameters 

H-atom parameters constrained 
A/w = 0.47 e A~ 3 
Ap mi „ = -0.32 e A~ 3 



Received 6 May 2013; accepted 21 May 2013 

Key indicators: single-crystal X-ray study; T = 296 K; mean tr(C-C) = 0.006 A; 
R factor = 0.032; wR factor = 0.083; data-to-parameter ratio = 23.4. 



In the title complex, [Ru(C 6 H 14 0 2 PS2)3], the coordination 
environment of the Ru m atom is distorted octahedral, defined 
by six S atoms from three S^S'-bidentate diisopropyl dithio- 
phosphate ligands. The average Ru— S bond length is 
2.41 (1) A and the average S-Ru-S bite angle is 81.13 (19)°. 



Related literature 

For background to ruthenium complexes, see: Castillo- 
Villalon et al. (2008); Chianelli et al. (2009); David et al. (2005); 
Leung et al. (2000); Wu et al. (2009). For related structures, see: 
Jain et al. (2000); Liu et al. (2005). 
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Experimental 

Crystal data 
[Ru(C 6 H 14 0 2 PS 2 ) 3 ] 



Table 1 

Selected bond lengths (A). 



Rul-Sl 
Rul-S2 
Rul-S3 



2.4189 (7) 
2.4037 (7) 
2.3981 (7) 



Rul-S4 
Rul-S5 
Rul-S6 



2.3988 (7) 
2.4155 (7) 
2.4199 (7) 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

This project was supported by the Natural Science Foun- 
dation of China (grant No. 20771003). 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HY2626). 
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Tris(diisopropyl dithiophosphato-K- 2 S,S')mthenium(lll) 
Guo-Ping Chao, Xiuli Wu, Hua-Tian Shi, Qun Chen and Qian-Feng Zhang 
Comment 

In recent years there has been an increased interest in ruthenium complexes with sulfur-donor ligands, in part because of 
the high catalytic activity of RuS 2 unit in various hydrogenation processes (Castillo- Villalon et al, 2008; Chianelli et al, 
2009). In the course of our continuous study on ruthenium complexes in a sulfur-rich coordination environment (Leung et 
al, 2000), we are interested in the homoleptic ruthenium complexes with thiolate ligands, which may be probably 
designed as processors for the binary RuS 2 nanoparticles (David et al, 2005). Although the ruthenium chemistry of dithio 
acidic ligands such as dithiocarbamate and dithiocarbonate has been the subject of continuous study, the corresponding 
ruthenium dithiophosphate chemistry has not been developed much (Wu et al, 2009). Here we report the crystal structure 
of the title compound, a homoleptic ruthenium complex. 

The molecular structure of the title complex is depicted in Fig. 1 . The complex is mononuclear and the Ru m atom 
displays a distorted octahedral RuS 6 coordination geometry. Each of dithiophosphate ligands binds to the Ru 111 atom in an 
S,S'-bidentate mode, forming a four-membered ring with an average S — Ru — S bite angle of 81.31 (2)°, which is 
comparable with those in [Ru{S 2 P(OMe) 2 }3] [av. 81.54 (8)°] and [Ru{S 2 P(OEt) 2 } 3 ] [av. 81.84 (6)°] (Jain et al, 2000). 
Each four-membered RuS 2 P ring is nonplanar and contains a pair of nearly equal Ru — S bonds (Table 1). The average Ru 
— S bond length of 2.4092 (7) A in the title complex is compatible to those in [Ru{S 2 P(OMe) 2 } 3 ] [av. 2.413 (13) A] and 
[Ru{S 2 P(OEt) 2 } 3 ] [av. 2.424 (3) A] (Jain et al, 2000), but is obviously shorter than those in [Ru{S 2 P(OEt) 2 } 2 (PPh 3 ) 2 ] [av. 
2.4974 (11) A] and [RuH(CO){S 2 P(OEt) 2 }(PPh 3 ) 2 ] [av. 2.5474 (12) A] (Liu et al, 2005). The bond distances within the 
di-MO-proposaldithiophosphate ligands of the title complex agree well with those found in the analogous dimethyl- and 
diethyldithiophosphate complexes of ruthenium (Jain et al, 2000). 

Experimental 

A mixture of RuCl 3 .H 2 0 (209 mg, 0.80 mmol) and KS 2 P(0'Pr) 2 (606 mg, 2.40 mmol) was dissolved in 25 ml of methanol 
and then heated at reflux for 8 h. During this time the color of the reaction solution was changed from brown to bright 
red. The solvent was evaporated in vacuo and the residue was redissolved in dichloromethane and then filtered. The 
filtrate was dried and then recrystallized from diethyl ether/hexane. The red plate-shaped crystals of the title complex 
were obtained within a week. Yield: 260 mg, 44% (based on Ru). Analysis, calculated for Ci 8 H4 2 0 6 P 3 RuS6: C 29.18, H 
5.71%; found: C 29.25, H 5.67%. 

Refinement 

H atoms were placed in geometrically idealized positions and refined as riding atoms, with C — H = 0.98 (CH) and 0.96 
(CH 3 ) A and with [/ 1S0 (H) = 1.2(1.5 for methyl) U n (C). 
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Computing details 

Data collection: APEX2 (Broker, 2007); cell refinement: SAINT (Broker, 2007); data reduction: SAINT (Broker, 2007); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 




Figure 1 

The molecular structure of the title compound. Displacement ellipsoids are drawn at the 50% probability level. 
Tris(diisopropyl dithiophosphato-^5,5')ruthenium(lll) 



Crystal data 

[Ru(C6H 14 0 2 PS2)3] 
M r = 740.92 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.9676 (8) A 
& = 10.5073 (9) A 
c= 19.1085 (17) A 
a = 81.281 (2)° 
P= 88.678 (2)° 
y = 82.175 (2)° 
V= 1763.1 (3) A 3 



Z=2 

P(000) = 766 

D x = 1.396 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 2994 reflections 

6 = 2.6-25.7° 

ju = 0.96 mm -1 

T=296K 

Block, red 

0.14 x 0.11 x 0.10mm 
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Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
r min = 0.877, r max = 0.910 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > 20-CF 2 )] = 0.032 

wRiF 2 ) = 0.083 

S = 1.02 

7478 reflections 

319 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



11411 measured reflections 
7478 independent reflections 
6083 reflections with/> 2a(T) 
R mt = 0.022 

^max 27.2 , 0 m [ n 2. 1 

/* = -ll->ll 
& = -13->12 
/ = -24— 17 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F a 2 ) + (0.0341P) 2 + 0.2818P] 

where P = (F 2 + 2F 2 )/3 
(A/<7) max = 0.001 
A/w = 0.47 e A" 3 
Ap m m = "0.32 e A" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


^iso ' <-^eq 


Rul 


0.73359 (2) 


0.556490 (18) 


0.733889 (10) 


0.04029 (7) 


SI 


0.76352 (8) 


0.32294 (7) 


0.76690 (4) 


0.05468 (17) 


S2 


0.94238 (8) 


0.50082 (7) 


0.65811 (4) 


0.05370 (17) 


S3 


0.53460 (8) 


0.54659 (6) 


0.65399 (4) 


0.05063 (16) 


S4 


0.70241 (8) 


0.77884 (6) 


0.67808 (4) 


0.04961 (16) 


S5 


0.55622 (7) 


0.59086 (7) 


0.82845 (4) 


0.05446 (17) 


S6 


0.90545 (7) 


0.59914 (7) 


0.82065 (4) 


0.05280(17) 


PI 


0.93826 (8) 


0.31504 (7) 


0.69980 (4) 


0.05098 (17) 


P2 


0.53435 (7) 


0.73678 (6) 


0.62205 (3) 


0.04477 (15) 


P3 


0.72941 (8) 


0.61841 (7) 


0.88599 (4) 


0.05070(17) 


01 


1.0904 (2) 


0.2439 (2) 


0.73416(11) 


0.0644 (5) 


02 


0.9293 (2) 


0.2225 (2) 


0.64323 (11) 


0.0645 (5) 


03 


0.5505 (2) 


0.7768 (2) 


0.54005 (9) 


0.0563 (5) 


04 


0.37794 (19) 


0.82026 (18) 


0.62947 (9) 


0.0551 (5) 


05 


0.7094 (2) 


0.74961 (19) 


0.91720(10) 


0.0644 (5) 


06 


0.7469 (2) 


0.5263 (2) 


0.95902 (10) 


0.0624 (5) 


CI 


1.1586 (4) 


0.2919 (3) 


0.79194(19) 


0.0748 (9) 
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Atomic displacement parameters (A 2 ) 
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0.0102 (9) 


-0.0149 (10) 


-0.0183 (10) 


02 


0.0603 (11) 


0.0594 (13) 


0.0755 (14) 


0.0092 (9) 


-0.0128(10) 


-0.0292 (10) 


03 


0.0535 (10) 


0.0707 (13) 


0.0399 (10) 


0.0003 (9) 


0.0003 (8) 


-0.0008 (8) 


04 


0.0541 (10) 


0.0539 (11) 


0.0507 (10) 


0.0060 (8) 


0.0039 (8) 


0.0005 (8) 


05 


0.0869(14) 


0.0532 (12) 


0.0512(11) 


0.0021 (10) 


-0.0025 (10) 


-0.0116(9) 


06 


0.0852 (14) 


0.0580 (12) 


0.0409 (10) 


-0.0009(10) 


-0.0023 (9) 


-0.0052 (8) 


CI 


0.069 (2) 


0.068 (2) 


0.087 (2) 


0.0054(16) 


-0.0263 (18) 


-0.0192 (18) 


C2 


0.122 (4) 


0.197 (6) 


0.139(5) 


-0.095 (4) 


-0.040 (3) 


0.029 (4) 


C3 


0.108 (3) 


0.148 (5) 


0.082 (3) 


-0.012(3) 


-0.015 (2) 


0.002 (3) 


C4 


0.0653 (19) 


0.062 (2) 


0.095 (3) 


0.0054(15) 


-0.0227(18) 


-0.0271 (18) 


C5 


0.167 (5) 


0.085 (3) 


0.257 (7) 


-0.045 (3) 


-0.107 (5) 


-0.007 (4) 


C6 


0.118(4) 


0.250 (8) 


0.081 (3) 


-0.007 (4) 


-0.022 (3) 


-0.041 (4) 


C7 


0.0580(16) 


0.077 (2) 


0.0490 (16) 


0.0018 (15) 


0.0072 (13) 


-0.0101 (14) 


C8 


0.140(4) 


0.133 (4) 


0.124 (4) 


-0.028 (3) 


0.050 (3) 


-0.075 (3) 


C9 


0.122 (3) 


0.104(4) 


0.126 (4) 


-0.015 (3) 


0.063 (3) 


0.009 (3) 


CIO 


0.076 (2) 


0.0612(19) 


0.0558 (17) 


0.0121 (16) 


0.0166(15) 


0.0008 (14) 


Cll 


0.100 (3) 


0.206 (6) 


0.143 (5) 


-0.072 (4) 


0.053 (3) 


-0.068 (4) 


C12 


0.131 (4) 


0.146 (5) 


0.114(4) 


-0.004 (3) 


0.020 (3) 


-0.072 (3) 


C13 


0.103 (3) 


0.0522 (19) 


0.071 (2) 


0.0045 (18) 


-0.0121 (19) 


-0.0085 (15) 


C14 


0.132(4) 


0.073 (3) 


0.232 (7) 


-0.026 (3) 


-0.018 (4) 


0.013 (4) 


C15 


0.142 (4) 


0.085 (3) 


0.163 (5) 


0.037 (3) 


0.005 (4) 


-0.021 (3) 


C16 


0.083 (2) 


0.0575 (19) 


0.0513 (17) 


0.0013 (16) 


0.0020 (15) 


0.0002 (13) 


C17 


0.126(4) 


0.092 (3) 


0.163 (5) 


-0.028 (3) 


0.040 (3) 


0.012(3) 


C18 


0.164(4) 


0.082 (3) 


0.155 (5) 


0.013 (3) 


-0.083 (4) 


0.007 (3) 
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Geometric parameters (A, ") 



Rul— SI 


2.4189 (7) 


C6— H6A 


0.9600 


Rul— S2 


2.4037 (7) 


C6— H6B 


0.9600 


Rul— S3 


2.3981 (7) 


C6— H6C 


0.9600 


Rul— S4 


2.3988 (7) 


C7— C9 


1.477 (5) 


Rul— S5 


2.4155 (7) 


C7— C8 


1.483 (5) 


Rul— S6 


2.4199 (7) 


C7— H7 


0.9800 


SI— PI 


2.0027 (10) 


C8— H8A 


0.9600 


S2— PI 


1.9983 (10) 


C8— H8B 


0.9600 


S3— P2 


1.9988 (9) 


C8— H8C 


0.9600 


S4— P2 


2.0030 (9) 


C9— H9A 


0.9600 


S5— P3 


2.0007 (10) 


C9— H9B 


0.9600 


S6— P3 


1.9976(10) 


C9— H9C 


0.9600 


PI— 02 


1.570 (2) 


CIO— C12 


1.471 (5) 


PI— 01 


1.5706 (19) 


CIO— CI 1 


1.493 (5) 


P2— 04 


1.5653 (18) 


CIO— H10 


0.9800 


P2— 03 


1.5681 (18) 


Cll— H11A 


0.9600 


P3— 05 


1.570 (2) 


Cll— HUB 


0.9600 


P3— 06 


1.5709(19) 


Cll— H11C 


0.9600 


01— CI 


1.459(4) 


C12— H12A 


0.9600 


02— C4 


1.472 (4) 


C12— H12B 


0.9600 


03— C7 


1.473 (3) 


C12— H12C 


0.9600 


04— CIO 


1.460 (3) 


C13— C14 


1.480 (5) 


05— C13 


1.462 (4) 


C13— C15 


1.493 (5) 


06— C16 


1.468 (4) 


C13— H13 


0.9800 


CI— C3 


1.494 (5) 


C14— H14A 


0.9600 


CI— C2 


1.496 (5) 


C14— H14B 


0.9600 


CI— HI 


0.9800 


C14— H14C 


0.9600 


C2— H2A 


0.9600 


C15— H15A 


0.9600 


C2— H2B 


0.9600 


C15— H15B 


0.9600 


C2— H2C 


0.9600 


C15— H15C 


0.9600 


C3— H3A 


0.9600 


C16— C17 


1.483 (5) 


C3— H3B 


0.9600 


C16— C18 


1.487 (5) 




0 9600 


ri f> hi f> 

V 1 U I 1 1 u 


0 9800 


C4— C5 


1.483 (5) 


C17— H17A 


0.9600 


C4— C6 


1.494 (5) 


C17— H17B 


0.9600 


C4— H4 


0.9800 


C17— H17C 


0.9600 


C5— H5A 


0.9600 


C18— H18A 


0.9600 


C5— H5B 


0.9600 


C18— H18B 


0.9600 


C5— H5C 


0.9600 


C18— H18C 


0.9600 


S3— Rul— S4 


81.50(2) 


H6A— C6— H6B 


109.5 


S3— Rul— S2 


98.00 (3) 


C4— C6— H6C 


109.5 


S4— Rul— S2 


91.82 (2) 


H6A— C6— H6C 


109.5 


S3— Rul— S5 


91.52(3) 


H6B— C6— H6C 


109.5 


S4— Rul— S5 


95.44 (3) 


03— C7— C9 


105.9 (3) 


S2— Rul— S5 


168.80 (3) 


03— C7— C8 


107.4 (3) 


S3— Rul— SI 


90.71 (3) 


C9— C7— C8 


113.0(4) 


S4— Rul— SI 


168.84 (3) 


03— C7— H7 


110.1 
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c o ri . , i ci 

S2 — Rul — SI 


Ol O 1 /o\ 

81.31 (2) 


/""'A T T "7 

C9 — C7 — H7 


1 1 A 1 

110.1 


S5 — Rul — SI 


ao "70 /o\ 

92.73 (3) 


p o PO T n 

C8 — C7 — H7 


110.1 


c o n 1 c /" 

S3 — Rul — S6 


1 /"A /o\ 

169.79 (2) 


pn /-i o TTO A 

C7 — C8 — H8A 


1 AA C 

109.5 


S4 — Rul — So 


AO 1 A ZO\ 

92.10 (2) 


/~^0 /"> O T TOT) 

C7 — Co — H8B 


1 AA C 

109.5 


S2 — Rul — So 


OA 1 1 /O \ 

90.11 (3) 


TTO A /~i O TTOTJ 


1 AA C 

109.5 


S5 — Rul — S6 


O 1 1 o /o \ 

81.12 (3) 


C7 — C8 — H8C 


109.5 


c 1 a i c /" 

SI — Rul — So 


a/" /ro /o\ 

96.67 (3) 


TTO A /~i O TTOA 

H8A — C8 — H8C 


1 AA C 

109.5 


PI — SI — Rul 


87.31 (3) 


TTOT* Z" 1 0 TTOA 

H8B — C8 — H8C 


109.5 


Tt i o O r> . . 1 

rl — S2 — Kul 


On oo ZO\ 

87.83 (3) 


/~^0 /^A TTA A 

C7 — C9 — H9A 


1 AA C 

109.5 


no CO r> . . 1 

P2 — S3 — Rul 


oo" no /o \ 

87.78 (3) 


f~^H (~~' (\ T TAD 

C7 — C9 — H9B 


1 AA C 

109.5 


no C A r> . . 1 

P2 — S4 — Rul 


on tin /">\ 

87.67 (3) 


tta a /"" (\ t jnn 

H9A — C9 — H9B 


1 A A C 

109.5 


TiO o C n 1 

P3 — S5 — Rul 


0 1 /" 1 /O \ 

87.61 (3) 


/in /^A TTAA 

C7 — C9 — H9C 


109.5 


no C £ r> . . 1 

P3 — So — Rul 


OO" CzT ZO\ 

87.56 (3) 


TTA A f ' (~\ TTnA 

H9A — C9 — H9C 


1 AA C 

109.5 


PO T» 1 /"\ 1 

02 — PI — Ol 


A/' /I 1 / 1 1 \ 

96.41 (11) 


TTAIO f ' (\ TTHP 

H9B — C9 — H9C 


1 AA C 

109.5 


PO T» 1 CO 

02 — PI — S2 


1 1 O O /" /A\ 

113.86 (9) 


04 — C10 — C12 


1 AO O /O \ 

108.7 (3) 


t~\ 1 n 1 CO 

Ol — PI — S2 


1 1 A T 1 /A\ 

114.71 (9) 


i~\ A f 1 A Z^ 1 1 1 

04 — C10 — Cll 


1 A/" O /O \ 

106.8 (3) 


po n i c 1 

02 — PI — SI 


11/1 /I O /A\ 

114.42 (9) 


C 12 — C 1 0 — C 1 1 


111 O / A \ 

1 1 1 .2 (4) 


Ol — PI — SI 


1 1 /I /I A / A \ 

114.49 (9) 


f~\ A /"> 1 f\ TT1A 

04 — C10 — H10 


1 1 A A 

110.0 


co n 1 c 1 

S2 — PI — SI 


1 A ") C A / /I \ 

103.50 (4) 


/-i 1 r\ f ' i r\ T T 1 A 

C12 — C10 — H10 


110.0 


r\A no o 

04 — P2 — 03 


A O C / 1 A\ 

96.25 (10) 


pi 1 P1A TT1A 

Cll — C1U — H10 


1 1 A A 

110.0 


04 — P2 — S3 


113.93 (8) 


P1A PI 1 TT11A 

C10 — Cll — H11A 


1 AA C 

109.5 


/-\^ no CO 

03 — P2 — S3 


11/1 OA / A \ 

114.89 (9) 


P1A P11 TT1 1 n 

CIO — Cll — HUB 


1 AA C 

109.5 


s~\ a F»0 C A 

04 — P2 — S4 


115.64 (8) 


T T 1 1 A P 11 T T 1 1 TO 

HllA — Cll — HUB 


109.5 


PO TIO C /I 

03 — P2 — S4 


1 1 1 ZO\ 

113.79 (8) 


P1A P11 TT11P 

C10 — Cll — H11C 


1 AA C 

109.5 


S3 — P2 — S4 


1 A^l PiH ( A \ 

102.97 (4) 


TT11A P11 TT11P 

HllA — Cll — H11C 


1 AA C 

109.5 


05 — P3 — Oo 


A/" A A / 1 1 \ 

96.44 (11) 


T T 1 1 P 11 T T 1 1 P 

HUB — Cll — HllC 


109.5 


05 — P3 — So 


113.64 (9) 


P 1 A P 1 O T T 1 O A 

CIO — C12 — H12A 


109.5 


r\tC no c 

Oo — P3 — So 


11/1 C\C (C\\ 

114.96 (9) 


P1A PIO TT10T) 

C10 — C12 — H12B 


1 AA C 

109.5 


Od — P3 — i>5 


IK 11 /A\ 

115.1/ (9) 


TTIOA PIO TJ 1 TD 

H 1 2 A — C 1 2 — H 1 2B 


1 AO C 

109. J 


£ no c c 

Oo — P3 — S5 


113.51 (9) 


P 1 A P 1 O T T 1 O P 

C10 — C12 — H12C 


109.5 


o f no c c 

So — P3 — S5 


1AO O A { A\ 

103.70 (4) 


T T 1 O A P 1 O T T 1 O P 

H12A — C12 — H12C 


109.5 


p 1 n 1 

CI — Ol — rl 


1 O 1 AO / 1 A\ 

121.08 (19) 


TTi in /^n TTnp 

H12B — C12 — H12C 


1 AA C 

109.5 


p /i po n 1 

C4 — <J2 — PI 


1 O A T> /I n\ 

120.73 (18) 


05 — C13 — C14 


1 AO C ZO\ 

108.5 (3) 


pi ^7 no 

C7 — 03 — P2 


100 AO i W /~\ 

122.02 (16) 


i~\ C P 1 O P 1 c 

05 — C13 — C15 


1 AO O /O \ 

107.3 (3) 


ni n /—v TiO 

CIO — 04 — P2 


1 O O O O / 1 o\ 

123.28 (17) 


P 1 A P 1 ") P 1 C 

C14 — C13 — C15 


11/1 /I / /I \ 

114.4 (4) 


P 1 O /"\ C TV") 

C13 — 05 — P3 


1 O 1 11 f 1 A \ 

121.11 (19) 


PC P 1 O TTIO 

05 — C13 — HI 3 


1 AO O 

108.8 


p i /■ p/^ no 

016 — Oo — P3 


1 OA /I 1 / 1 0"\ 

120.41 (17) 


P1/I PIO TTIO 

C14 — C13 — Hli 


1 AO O 

108.8 


Ol — CI — C3 


1 AO 1 /O \ 

107.1 (3) 


P 1 C P 1 O T T 1 O 

C15 — C13 — H13 


108.8 


Ol — CI — C2 


1 A/" A /O \ 

106.9 (3) 


P 1 O P 1/1 T T 1 /I A 

C13 — C14 — H14A 


109.5 


PO z' 1 1 PO 

C3 — CI — C2 


1 1 O 1 /") \ 

112.1 (3) 


PIO p 1 /l TT1/1TO 

C13 — C14 — H14B 


1 AA C 

109.5 


01 — CI — HI 


110.2 


T T 1 /I A P 1/1 T T 1 A 

H14A — C14 — H14B 


109.5 


C3 — CI — HI 


110.2 


P 1 1 P 1/1 T T 1 A P 

C13 — C14 — H14C 


109.5 


PO f 1 1 T T 1 

C2 — CI — HI 


1 1 A O 

110.2 


TT1 A A P1 A TT1 /IP 

H14A — C14 — H14C 


1 AA C 

109.5 


CI — C2— H2A 


109.5 


H14B— C14 — H14C 


109.5 


CI— C2— H2B 


109.5 


C13— C15— H15A 


109.5 


H2A— C2— H2B 


109.5 


C13— C15— H15B 


109.5 


CI— C2— H2C 


109.5 


H15A— CI 5— H15B 


109.5 


H2A— C2— H2C 


109.5 


C13— C15— H15C 


109.5 


H2B— C2— H2C 


109.5 


H15A— C15— H15C 


109.5 
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CI — C3 — H3A 


109.5 


CI — C3 — H3B 


109.5 


H3A — C3 — H3B 


1 aa c 

109.5 


CI — C3 — H3C 


1 AA C 

109.5 


H3A — C3 — H3C 


109.5 


H3B — C3 — H3C 


109.5 


02 — C4 — C5 


106.5 (3) 


02 — C4 — Co 


107.9 (3) 


C5 — C4 — Co 


113.4 (4) 


02 — C4 — H4 


109.6 


C5 — C4 — H4 


109.6 


f * / i~\ a T T A 

Co — C4 — H4 


109.6 


C4 — C5 — H5A 


109.5 


f < A ft C TTf n 

C4 — C5 — H5B 


109.5 


H5A— C5— H5B 


109.5 


C4— C5— H5C 


109.5 


H5A— C5— H5C 


109.5 


H5B— C5— H5C 


109.5 


C4— C6— H6A 


109.5 


C4— C6— H6B 


109.5 



tti rn pi r tti c r 1 

H15B — L15 — H15L 


1 ah c 

109.5 


06 — C16 — C17 


1 A A 1 \ 

109.1 (3) 


06 — C16 — CI 8 


107.7 (3) 


C17 — L16 — C18 


1 1 /I O /1\ 

114.2 (3) 


/ "\ / C • 1 / TTI /" 

(Jo — do — HI 6 


1 AO £1 

108.6 


C17 — C16 — H16 


108.6 


C18 — C16 — H16 


1 ao /" 

108.6 


1 /" f ^ 1 1 tti n » 

C16 — C17 — H17A 


109.5 


Clo — C17 — H17b 


109.5 


tti n a f ' i i-i T T 1 in 

H17A — C17 — H17B 


109.5 


C16 — C17 — H17C 


1 AA C 

109.5 


tti n A f ' 1 1-1 TTI ^7 /-"I 

H17A — C17 — H17C 


109.5 


tti nn /^n TT1T/" 1 

H17B — C17 — H17C 


1 AA C 

109.5 


C16— C18— H18A 


109.5 


C16— C18— H18B 


109.5 


H18A— CI 8— H18B 


109.5 


C16— C18— H18C 


109.5 


H18A— CI 8— H18C 


109.5 


H18B— CI 8— H18C 


109.5 
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